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ABSTRACT 


A mosaic transducer array at the focal plane of an 
aeous Tacwmchomno] lOwedsby SUlvabie electronic Civemrtem, 
een be used to preduce an image of an object. 

Previous work in developing such a system has resulted 
in switching and scanning circuits required to use a 
cathode ray tube display. This report is a study of a design 
which would use a mosaic of light emitting diodes to 
Broauce the image directly without recourse to scanning. 
A single channel of such a system has been designed which 
responds to voltage levels at the transducer of less than 
ten microvolts at a frequency of 500 KHz. The channel 
responds to signal levels over a dynamic range of greater 
than 40 dB and produces light with a dynamic range of 
28.9 dB, with 230 to 500 milliwatts power required depending 
on the input signal level. A discussion of performance, size 


and cost is included. 








TABLE OF CONTENTS 


ihe TNTRODUCTION = - - =- -=--=-+-+-+-++5 55426 5 
i. CIRCUIT DESCRIPTION - ----+ -+--+-----6- 10 
A. OBJECTIVES - -----+-+e--+e-e------- 10 
B. LIGHT EMITTING DIODE - ------+--+--- 10 
C. LED DRIVER - -------+-+--+-+e---- 64 12 
D. DETECTOR - ----+-+-+-+-+-+----4-4--- 14 
BE. AMPLIFIER - ------+-+e-+-e-e------ 16 
F. TRANSDUCER - - - ----+-+-+-+------- ays 
G. COMPLETE CIRCUIT - ----+---+-+-+-+--- 19 
TII. EXPERIMENTAL RESULTS - - - - ----+-+-+-+--- 20 
Le CONCLUSIONS - -----+--+e-4--4--4-4-4--- 31 


APPENDIX A Monsanto MV1LOA Visible Solid State 
Light Source - ---*+e-*-+e#efr reef 33 


APPENDIX B RCA CA3045 Four Independent AC Amplifiers 35 


APPENDIX C COST DATA - ---+-+-+--+-+-+-+---4-- 38 
(Sa) OP SSRIS) = Ge = See eee = 39 
PMT DEIR IBUTION Lash 2 = = - = —- = = oes 28g ho 
CREE IBID) 272 ES SS Se hy 





He 
AS. 


LIST OF ILLUSTRATIONS 


System Block Diagram - - - -----+-+-+---- s 
Light Output of the MV1OA LED - - - - - - = == 13 
LED Driver - - ---+-+-+effFr7+727+24°-+- - 15 
Detector ----+--+-ef4#ef8ff 2-22-77 --+2- 15 
awe he —- — a (= ee eee 15 
Plan and End Views of the Transducer Array, 

Scale approximately 10:1 -----+-+-+-+e-+--- 18 
Complete Circuit - - --+-*+er"e8re8+-+-22++e- 2 20 
paturation Characteristics of the Discrete 

Component Amplifier with a Dummy Load - - - - - 23 
Dawu ulLOnsemMaracLerictics Of the Discecrece 

Component Amplifier - - ----+-+--- -=--=- 23 
Gain Characteristics of the Liscrete Component 

Pps Len = = = = = = | Se 25 
Gain Characteristics of the Integrated Circuit 

LST WEES SSS OS 25 
Experimental Setup, Block Diagram - - - --- - 26 
SS Well leva en alenGe: 2 ER SS 29 





Ll. SERODUCT Ea 


Low natural light levels and high absorption of light 
energy in water have resulted in many efforts to utilize 
alternate energy forms to detect and identify underwater 
Bojects. “Acoustic energy in the ultrasonic ™@requency range 
is @ good choice since the wave length is short enough to 
provide good resolution of most targets of interest. The 
ambient noise level of the ocean environment is low in the 
500 KHz range where it is of the same magnitude as the 
beermal noise. Reasonable projector power levels can pro- 
wide useable detection ranges despite absorption and 
scattering losses. 

Just as in optical systems, acoustic enersy retlecved 
Maotean OOJECL Can be focused by a lens. the pressure 
intensity of the acoustic wave pattern produced at the 
mocal plane of the lens contains the same information as 
does the light intensity pattern produced at the focal 
j@mene of an optical lens. The pressure pattern can be 
eempled wath elecGromechanical transducers ian suiiieciens 
detail so that an analogous visible image can be reconstructed 
Pemouch elecuronics, Various schemes for accomplishing 
this image conversion have been reported in theses by 
Mima. Robinson (1)j LT Ag F. Barta (2), LT Rage verikin ay 
and LT J. D. Pearson (4), all of the Naval Postgraduate 


Sehnoo! . 





Robinson and Barta used a 9x9 transducer array connected 
by cable to 81 tuned 450 KHz amplifiers, detectors and 
sampling switches. Scanning circuitry converted the 81 
pressure intensity samples of the acoustic pattern into a 
square array of 81 intensity modulated spots on the face 
of a cathode ray tube. This system was limited by the 
eaescladle andvattenuation 10sses Ofeuneweab lames 

Larkin designed and built a 16 channel printed circuit 
meaka Of “a proposed 32x32 array. The board ime@iludedwa 
16 element line array of transducers, and a like number of 
mugcarsemnplifiers, detectors and sampling Swatchese onite 
registers provided serial multiplexed samples of the 16 
€mannels. The design would permit an entire 32x32 array 
to be packaged in as little space as 9x9x6 inches. The 
sequence of 1028 samples was to be cabled to another wnit 
for display. 

PoarsommacVvVellOped Che itdeasot sins One Omebarkiie 
printed circuit boards mounted on the radius of a rotating 
cylinder to combine mechanical scanning with electronic 
Scanning and reduce ccst. 

All these designs share in common the cathode ray tube 
as the device for producing the visible analog of the acoustic 
pressure intensity pattern. Although the CRI is a time- 
tested and proven means for accomplishing such conversion 
in many systems, it does have some drawbacks. The CRT 
requires high voltage power supplies and deflection circuitry. 


In the systems described above, the deflection circuits 








must be synchronized with the sampling circuits to provide 
a meaningful display. Nevertheless, there has been no 
practical alternative. An early television system built 
in Germany before World War II used an immense array of 
incandescent lamps to produce an image. However, the 
Sxcremely low efficiency of tie ineandescent Mampseinm 
addition to its poor linearity, makes this approach in- 
feasible. It is highly desirable, however, to produce an 
image directly without recourse to scanning and sampling 
mecamiques and a CRT display. All that has been Lacking 
1s a small, linear, and efficient lignt source. With the 
advent of the low cost luminescent or light emitting diodes 
(LED), a small, simple, and compact image converter is 
eepractical possibility. 

A single channel of an ultrasonic image converter 
eould consist of a transducer element, an amplifier and 
PewecuOr, and an LED with a Suitable driver circuit. Ihius 
me Shown in block diagram form in Figure 1. The two 
mreinciple advantages to such a system are immediately 
@evious. Hlimination of switching networks, sampling logic; 
synchronization problems and the entire CRT considerably 
reduces the cost and complexity. Elimination of cabling 
improves performance. Larkin sought a single channel 
eost of $10 exclusive of the printed circuit board and 
achieved a cost of $13. This, of course, is also exclusive 
Of the display unit cost. The goal of this thesis project 


is to design and test a single channel of an LED image 
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conversion system which will cost no more than $10. Since 
such a system would include the display, the advantage 


of reduced complexity is compounded by the reduced cost. 





it, CiIRCUGT DESCRI Bron 


ithe elements of a single channel design are discussed 
in reverse order because that was the sequence of design. 
tiesiLED, driver carcuit, detector, amplifiemeand tuana- 
ducer were fitted together back to front to meet the 


following criteria. 


A. OBJECTIVES 

1. The LED should produce visible light of sufficient 
intensity that a recognizable image can be formed. 

ee Jheeminimnunm Siga@al level vouwoich the circus wa 
respond should be no greater than ten microvolts. 

3. Une ampiifierm snoutd te syeacband wrbuied ara 
capable of providing 40 dB dynamic range, i.e., ten micro- 
Pobcs FO One mililivolt at the input. 

i The saturation Characteristics Of the ampliiaes 
should be such that strong signals will not harm the LED. 

5. The transducer should discriminate against unwanted 
aroma |S au Ouner than the 500 KHz frequency. 


6. The total cost on a single channel basis exclusive 


of power supplies and circuit boards should not exceed $10. 


bee GIGHT EMITTING DIODE 
AG tiwe time, iED's typically produce 1iphiiimomialce, 
narrow optical bandwidth in either the red or green wave- 


lengths. Red light LED's can achieve 7.2% efficiency while 


LO 





the green light LED's are somewhat less efficient. Mass 
production has resulted in low unit cost for many LED's. 
It can be small enough so that an array can provide the 
patterns of light necessary for an alpha-numeric display 
on a Single substrate. Large LED's can provide darkroom 
ireating. An array of LED's would be a logical cheresmier 
the visible display end of an ultrasonic image converter. 

Mne ellectrical characteristics of the LED are similar 
to those of most solid state diodes, except that the for- 
ward offset voltage is higher, corresponding to the electron- 
mote cherey of the longest wavelength light produced by 
teememeoac, Once conduction Desins, Tash ineemei ty suse 
linear function of forward current. The forward dynamic 
resistance of the LED is about two ohms, 

Many menufacturers produce LED's in a bewildering 
feeelety Of sizes and shapes, colors, and characteristics. 
mae Monsanto MV 10A was selected for low cost, small size, 
eee Nien efficiency. Other LED's would perform as well 
such as the similar Texas Instruments TI6205. The MV 10A 
mea, diffused gallium arsenide phosphide diode which pro- 
duces red light with a spectral line half-width typically 
4OO Angstroms centered at 6700 Angstroms. The forward 
moltace versus forward current characteristic is Hinear 
from three milliamperes to the maximum 70 milliamperes 
With a forward voltage offset of 1.6 volts. The diode 
is packaged with a single lead in a case which is nominally 
O.1 inch in diameter. Additional details are provided in 


Appendix A. 
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C. LED DRIVER 

Designing a circuit which translates a linear signal of 
40 dB dynamic range into a linearly varying current through 
a two ohm dynamic resistance is an interesting problem. 
mowever, good results can be achieved with an ceonen mon 
components. To take advantage of the entire linear range 
of the MV 10A, the current must vary between about three 
milliamperes and 70 milliamperes (Figure 2). Since the 
iene Outpue of the LED is danearly related te the currence, 
this is somewhat less than the desired 40 dB dynamic range. 
In addition, to avoid the possibility of destroying the LED 
with excessive current, it is desireable that the circuit 
saturate before the maximum LED current of 70 milliamperes 
is achieved. The LED is especially vulnerable to thermal 
damage from over current since one face of the diode is 
necessarily completely free of a heat sink because the light 
must escape. High current operation requires adequate heat 
sinking, especially if the duty cycle is high or continuous 
operation is contemplated. What remains of the dynamic 
range can be extended into the non-linear portion of the 
LED characteristic in the region of less than one milli- 
ampere. However, the light is of such low intensity as to 
be barely visible. A larger LED might provide greater 
dynamic range, but the small size of the MV 10A is con- 
Sidered more important. 

Since the maximum LED current is fixed when the maximum 


light intensity is selected, the power which must be 
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dissipated by the LED and its driver is a linear function 
of the supply voltage. Therefore, it is desimapiom toms 
the supply voltage as low as possible and still achieve a 
Jinear response to the input. Purthermore, Tt iwaesmepemea 
that the driver must dissipate approximately the same 
amount of power as the LED to assure a linear response. The 
maximum rated dissipation of the MV 10A is 150 milliwatts. 
The need for thermal stability led to the selection of a 
small plastic encapsulated silicon transistor for the 
driver. A heat sink on the driver transistor and DC 
meedback contribute to thermal stability. The driver 
merece, Pagure 3, uses fixed bias with a Smatil semiccer 
feedback resistor. Two power supplies are used for the 
driver. This has the effect of fixing the base below 
ground potential with the result that the detector is 
always forward biased and contributes to the zero signal 
bras current. Thus, there is no offset voltage so that 

the LED driver responds to the smallest input to the 
detector. In a display consisting of a large array of LEDs, 
the requirement for both plus and minus power supplies does 


Mousadd Significantly to either cost or complexity. 


D. DETECTOR 

The detector circuit, Figure 4, is a simple diode 
envelope detector with an additional diode to provide the 
bias current path for the LED driver, mentioned above, and 
to act as a negative clipper. The rise time of the detector 


is determined by the output resistance of the amplifier 
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driving the detector, the forward resistance of the diode, 
and the detector capacitor. Likewise, the fadaeieame is 
determined by the detector capacitor and the como: 
resistor, R6. The operating limits of the LED are set 

with the fixed bias, resistor, R/7, adjusted for the desired 
minimum LED current, and the coupling resistor, R6, adjusted 
for the desired maximum LED current with the maximum detec- 


Gem OUTDUT. 


KE. AMPLIFIER 

The maximum detector output, in turn, is determined by 
toe Saturation characteristics of the amplifier, Figure 5. 
The minimum detectable signal level was set at ten micro- 
volts in the design goals. This signal level must cause a 
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Seeiamic range in the signal end of the image converter, an 
toes Of One mililivolt must cause the amplifier to approach 
Securation. the detector requires an input voltage swing 
beyond the linear limits of the integrated circuit ampli- 
fiers available, so the detector driver was designed with 
discrete components. ‘The characteristics of the amplifier 
were chosen to avoid damage to the LED under any reasonable 
continuous signal. The amplifier sections share a common 
single ended power supply which can be adjusted to achieve 
the desired saturation characteristics. The collector, bias 
and emitter resistors, R3, R4 and R5, were chosen to give 


maximum gain with the detector circuit load. The transistor 
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is the same as that used in the LED driver and was also pro- 
vided with a heat sink, in addition to the AC and DC feed- 
Back, for stability. 

Bmoiantesraved Circuit prevades Tae obher poOrvuie nome 
amplifier. The particular IC used contains four identical 
high gain wide band amplifiers; it is thus suitable for 
four adjacent channels. Details of the RCA CA3048 inte- 
grated circuit are found in Appendix B. Negative feedback 
Meme stabiiity is provided by raising the inverting input 
above AC ground througn C2 and R2. The gain of the ampli- 
fier is determined by Re. Some care must be taken in 
Pearttioning the components of the amplifier to avoid 
instability through unwanted feedback paths. In the absence 
of the transducer source impedance, Rl is necessary to pre- 


vent the amplifier from oscillating. 


F, TRANSDUCER 

Barium titanate transducers are electrostrictive 
mermamics with a permanent electric polarization which pro- 
@uec electric signals under stress, A whole matrix of 
feeosducers is formed by making a series of parallel cuts 
nearly through the thickness of a plate of polarized barium 
titanate along two sets of mutually perpendicular lines, 
Figure 6. The resonant frequency of each little transducer 
thus formed is dependent on its thickness according to the 


relation of equation 


Velocity of soundmum the crystal 


f a 
a ta 2 times the length of the crystal 
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When such a transducer is loaded with a column of water, its 
source impedence is approximately one kilohm, and it proe- 
duces approximately ten microvolts per microbar of sound 


pressure. 


G. COMPLETE CIRCUIT 

Figure 7 is a schematic drawing of the complete circuit 
mor a Ssingie channel of an ultrasonic image converter. 

The 2N3417 transistor is rated for 360 milliwatts 
mesoscipatvion, The heat sink consisted of a one inch square 
of 0.040 inch thick aluminum pressed onto the case. The 
ten ohm value for RQ represents a compromise between the 
desire for DC feedback to increase stability and the desire 
tO minimize the supply voltages to minimize overall dissi- 
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Seeop Wich which to monitor LED current during bench tests. 
mae tixed bias resistor, R/, was selected to provide an LED 
Current of about 2.5 milliamperes with the detector circuit 
memnected, The clipper and detector diodes, Di and De, are 
Bermanium switching diodes. Substitution of silicon diodes 
Meera require a shuffling of the values in the fixed bias. 
The values of R3, R4 and R5 in the amplifier were 
determined experimentally to provide maximum gain with the 
normal detector and LED load. The AC feedback is restricted 
to the bias resistor R4 with bypass capacitor C4. Similarly, 
mee value of R2 was determined experimentally to achieve 
the gain required. Resistor Rl is required only when the 
transducer is not in the circuit and the source has a high 


impedance. 
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The power supplies also were selected in a pragmatic 
fashion. The two volt supplies for the. LED andmdim er 
circuit were the minimum that gave a iinear input-output 
characteristic to the driver. The maximum dissipation in 
continuous operation is 280 milliwatts exclusive of the 
bias currents. The amplifier power supply was chosen to 
Bive the desired saturation characteristics. The two 
sections of the amplifier each dissipate approximately 
110 milliwatts. Therefore, the maximum dissipation per 
channel would be 500 milliwatts, and the average somewhat 
less. The minimum dissipation per channel with no signal 


mopu5 is 23e milliwatts. 
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ITT. #XPERIMENTAL RESULTS 


As each section was added to the circuit, working back 
meen tone LED, the LED current was determined as a funetien 
Biche input voltage. The driver circuit provides no 
limiting, given a sufficient input it will exceed the maximum 
rated current and destroy the LED. This is true also of the 
detector circuits. The detector and driver combination 
Meovides a linear LED current response for detector input 
meavaze between ten millivolts and three volts rms. The 
input resistance of the detector was measured as 8 Kohm. 
Because of the vulnerability of the LED to excessive 
currents. limiting must occur to prevent damage to the LED 
from high signals. 

Peiiciis As achieved a. ule samplatier Sceeclon pre- 
ceding the detector. Figure 8 illustrates the dumny load 
merent plotted for a range of amplifier input voltages. 

The dummy load of 3.9 ohms was used to prevent accidental 
Semece CO the LED while exploring extreme values of input. 
Figure 9 is a plot of the same variables with the LED in 
oe Circuit and the amplifier supply adjusted to ten volts. 

Figure J] shows the relationship between LED current , 
and light intensity for the range of current in Figure JQ. 
iaie second half of the amplifier begins to change the LED 
current with an input of -61.4 dB re 0.775 volts which 


corresponds to 660 microvolts. Thus the integrated circuit 
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must provide an effective stage gain of 40 dB including 
eouplans Losses to meet the desisgm cpjective tern sensitivity. 
Pigures 10 and 11 show the measured in circuit gain of the 
two amplifier sections for a range of input voltage. The 
measurements are tricky to make on the integrated circuit 
mmlitier since the frequency of interest lies nearly in’ the 
commercial broadcast band and the sensitivity is that of a 
peea PM tuner. in addition, there was no meter available 
jon comparable sensitivity so the input levels were deter- 
Meeed indirectly. The method employed, while not of great 
precision, gave good reproducible results. The arrangement 
is shown in block diagram form in Figure 12. It consists 
of a Wavetek Model 112 VCG driving a Hewlett-Packard 467A 
Variable gain amplifier. The output of the amplifier was 
reduced (60 dB) by a Jerrold Electronics AV-50 calibrated 
hmeeacvenuator before entering the circuit under test. The 
output cf the H-P 467A amplifier was monitored with a 
Hewlett-Packard 400D VIVM which was also used to measure 
the output of the amplifier under test. 

frimprlice d Opera l) Olu nC Erte pilo: Ol ac de Ceeugn 
output was determined with an oscilloscope to be 1.2 
milliseconds with the detector capacitor, C6, equal to 0.2 
microfarads and the coupling resistance, RO, equal to 31 
Kohm. An image converter would likely use 0.1 millisecond 
pulses with @ pulse repetition rate of ten pulses per 
second. These requirements are antagonistic. To avoid 


mercker., the decay Gime constant of the detector whould 
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approximate the period between pulses.) 1 COs Seconda. 
However, the rise time must be much shorter than the pulse 
width or about 0.01 milliseconds. Assuming the coupling 
resistor was unchanged in value, C6 would become approximately 
3 microfarads. The rise time with C6 only 1.2 microfarads 
was measured on the oscilloscope es 8 milliseconds, much 
too slow. 

An attempt was made to improve the rise time of the 
detector by using an NPN trensistor in place of the 
detector diode, D2. The idea was that the charging current 
would be multiplied by the beta of the transistor. (Instead, 
the rise time increased from 1.2 milliseconds to 15 milli- 
Beeonds and the wnole amplifier-detector-driver relationship 
was adversely affected. Some of this can be attributed 
to the difference in the junction characteristics between 
a silicon transistor (2N3704) and the germanium diode (1N277). 
The idea was not pursued any further for lack of time. 
Possibly, some improvement might result from an emitter 
Bommlower buffer between the amplifier and the detector, 
Mus this idea likewise was not pursued. As the circuit now 
stands it is well suited to CW operation but not pulsed 
merier operation. Botn sections of the amplifier respond 
fast enough, but the output impedance of the discrete 
component amplifier is too great to achieve a fast pulse 
meee Lime in the detector. 

The input voltage versus output (LED) current experiment 


Mies repeated for the entire circuit for amplitizer supply 
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voltage of 8, 10, and 12 volt. As when only the discrete 
component section of the amplifier was considered, Figure 8, 
the results led to the choice of ten volts for the amplifier 
mower Supply. The curves are shown in Figure 13. 

Finally, the amplifier was connected to a member of a 
mransducer matrix such as described above. The matrix 
was held in place by plexiglass fingers against the surface 
of a metalized mylar window in the side of a small water 
Benk. A Gulton Industries 2D15 transducer provided the 
iMelorasonic excitation in the water which was detected by 
the transducer. The metal film on the one mil thick mylar 
merved FO reduce any electromagnetic coupling between Che 
Smeamsducers. It proved possible to drive the circuit over 
Boe entire range of LED currents as with a direct signal 
mu . 

No attempt was made to determine the sound pressure level 
mmm_ic receiving transducer as a@ function of frequency, » ihe 
resonant frequency of the 2D15 is 616 KHz. The small size 
pea pressure release boundaries of the tank gave rise to an 
exceedingly complex standing wave pattern which was strongly 
feeeecucd by frequency. Nothing definitive can be said, 
therefore, about the effectiveness of the transducer as a 
first order bandpass filter. For a constant drive voltage 
to the transmitter, there was a local response peak in the 
prcinity of 500 KHz, though there was a much greater 
response peak at the 616 KHz resonance of the transmitter. 


Numerous other features of the frequency response 
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characteristic were attributed to the standing wave 
Dactem. It was noted that the eircuit was duaee and 
stable in the absence of excitation to the transmitting 
transducer and the response as excitation increased also 
was smooth and quite free of any suggestion of electro- 


magnetic coupling in addition to the ultrasonic coupling. 
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IV. CONCLUSIONS 


Tice MVE LOA Wasnt Cmatbanewdaede produces di eateaicem 
an apparent spot size between 25 and 48 thousandths of an 
inch in diameter. A single diode viewed in an incandescent 
light (bench top) background produces light that is a small 
dull red spot at low current to an angry bright red at 
neener current. The eye loses the sense of differential 
imemenoness before full current is reached, but the contrast 
would be more apparent in a matrix all of the same color. 
meas felt that the MV 10A or similar LED's could effectively 
produce half-tone images with good contrast. 

The input sensitivity of the entire circuit with one 
Kohm across the amplifier input was -100 dB re 0.775 volts 
em ,.(5 microvolts, Figure 13. At this level the LED 
eerrent has increased from the minimum bias level and the 
daiference in brightness is easily seen in the single diode. 

iinewise, Ia figure 14, Ghe CnGare dynamsac range OL tie 
Seerpecuit is seen to include 50 dB or more, although the 
linear region is restricted to about 25 dB. The data does 
not include extremely high inputs with the amplifier supply 
fet vO ten volts, but the curve has flattened out as did 
mwme curve for an eight volt supply voltage. Extrapolating 
from this behavior and the similar results of Figure 8 in 
which a dummy load was used, it is determined that extreme 


Signal conditions will not damage the LED. 
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Nothing can be said about the erfectiveness of the trans- 
ducer as a filter. Measurements with known sound pressure 
levels in an anechoic environment should be made to make 
mas de veorminacion ; 

Finally, the cost of tne €empemests is Ssurpricine, 
low. Components for a single channel, including the whole 
price of the four-amplifier CA3048 cost only $14.11 or $11.08 
if only = the cost of the CA3048 is included. The cost 
mer channel for the 1,000 or more channels necessary for 
a recognizable image is only $4.74. Details are shown in 
Appendix C. 

Thus, with the exception of the unresolved question of 
the transducer behavior, the design goals have been met 
with this desigm at a cost well below the objective. It 
is concluded that a direct image producing ultrasonic image 
Penverter which is small, simple, and relatively inexpensive 


is a practical possibility. 
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APPENDIX A 





Package 
Physical 
Dimensions fan 
HEADER 
WITH 
EPOXY 
NS 
ae LE LENS 20° 
064" SEATING 176" 
: PLATE wails 
082 ANODE S00" MIN nee 
010" 
CATHODE 
500 MIN 048" 









CATHODE 
INSULATED) 


FROM Y 
HEADER tS 


ANDDE 
INSULATED 
§ROM 


HEADER 





NOTE (EAD 2 OMITTED 


MV10A MV 10B 
MV10A3 _ _ MV10B3 


Absolute 


; MV10A 
Miaximum MV10A3 
Ratings 
Maximum Power Dissipation @25°C Ambient 
Temperature 150mW 
Derate Lincarly from 25°¢ nem ec 
Maximum Storage & Operating Temperature 55° to +100°c 
Maximum Lead Solder Time @266°c (see note 4) | 7.0 sec. 
Maximum Currents and Voltages 
Continuous Forward Current 7OmMA 
Peak Forward Current (1 jisec. pulse, 300 pps) | 3.0A 
Reverse Voltage 3.0V 
Electro- 
Optical MV10A 
Characteristics MV10B 
‘ es ; : Test 
Characteristics Min:}Typ |Max Unit Pee 
Brightness (see note 1) 500 ft-L jlg=50mA 
Current to Produce 50ft-L (see note 1) 10 mA 
Total External Radiated Power(see note 2) 50 UW {1¢=50mA 
A=6750A 
Peak Emission Wave Length 6300 7000 A 
Spectral Line Half Width 400 A 
Forward Voltage 65 /2.0 7 Vv 1¢=50mA 
Forward Dynamic Resistance 2.0 $2 | 1g=50mA 
Capacitance 135 pf V=0 
Light Turn On and Turn Off 1.0 ns 
Reverse Current 0.3 | HA |Vr=3.0v 


(25°c Free Air Temp 


S15) 





MV10A 
MV10A3 
350° c/w 
170° c/w 
3.0 A/°c 
-2.0 mV/°c 





(case temperature) 
Forward Voltage Temperature Coefficient 


(Typica!) 
Thermal Resistance Junction to Free Air (83a) 


Thermal Resistance Junction to Case (43c) 


Wavelength Temperature Coefficient 


Thermal 


Characteristics 
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APPENDIX B 


Amplifier Array CAa3Q48 


Monolithic Silicon 


The RCA CAB048 is ai silicon monolithie integrated 
eleunt consisting of four imadependent identical AC 
amplifiers which can operate trom a single-ended power 
supply. 


The amplifiers inelnde internal DC bias and feedback 
to provide temperature-stabtlized operation. = They may 
be used in a wide variets of AC applications tm which 
operational amplifiers have previously been used. 


ach high gam amplifier has a high impedance noi- 
mverting input. and a dower tmpedanee mverting tput 
tor the application of feedback. Two power-supply 
terminals and two eround terminals are provided to re- 
duce internal and external coupling between amplifiers. 
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See ney Gite) 


Block diagram for CA3048. 
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AMBIENT TEMPERATURE (Thb2 25°C 2 ed 
ee eee eperemmnomestenry eet eM oe te fe a 


~+-- [INPUT SIGNAL VOLTALE 1.17 imV RMS os eee ee ee 
we LOPERATING FREQUENCY (1). 4 hHe Sieh OO a arenes 
AMBIENT TEMPERATURE 1 T,1225°C. 
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I Sa eee 
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OPEN LOOP AMPLIFIER GAIN (Ag, )— a8 


OG SUPPLY VOLTS ctu 
OC SUPPLY VOLTS (V¢c) — nee 
92CS 71546! 


Typical amplifier gain vs DC supply voltage. 


92C%-19859 


- Typical DC supply current vs supply voltage. 
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AMPLIFIER GAIN - dB 


dB 


OPEN LOOP GAIN (Aqy 















COLLECTOR SUPPLY VOLTS i Vcc) = + 12 : 


OPERATING FREQUENCY '1) = | &He 0.05 oF 
AMBIENT TEMPERATURE Ty 259°C ‘ @ 
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SIGNAL 230 
GEN -| VF 


ere SLANE 
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120,000 
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Typical amplifier gain vs feedback resistance 
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Typical open-loop gain vs ambient temperature 
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Typical open-loop gain vs frequency. 
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APPENDIX C 


COST DATA 


COST FOR A SINGLE CHANNEL 


Component 


RCA CA3048 
ON3417 
LN277 
i watt 5% carbon resistor 
t watt 5% carbon resistor 


Tantalum capacitor, 10% 


Tote 


COST PER CHANNEL, 1,000 OR MORE CHANNELS 


Component 


RCA CA304& 

ON3Z417 

1N277 

1 watt 5% carbon resistor 
Zt watt 5% carbon resistor 


Tantalum capacitor 10% 


Total 


*Three sections not used. 
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Upelity, 


Price 


$4.84, 
0,66 
@ OL 
0.09 
0.09 
IL OMe 


Uiaaat 
Price 


OOO © Gi 
O 
Or 


Wnatoy, 


Channel 


gee: Oe 


Winns 7 


Channel 


O\H oon fore 


Subtouau 


$4.84 
We 
One 
ON7e 
0,09 
Ge 


Vie aL 


Subtotal 
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